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PERFORMANCE COMPARISONS OF NAVY JET МІХ AND MIL-F-5624A 
(JP-3) FUELS IN TUBULAR AND ANNULAR COMBUSTORS 


By Richard J. McCafferty 
SUMMARY 


An investigation was conducted to compare the performances of Navy 
Jet Mix and MIL-F-5624A (JP-3) fuels in single combustors from current 
turbojet engines. The Navy Jet Mix fuel used was composed of three 
parts MIL-F-7914, grade JP-5 fuel and one part unleaded MIL-F-557e fuel. 
Combustion efficiencies and altitude operational limits were determined 
with both fuels in the J33, J35, J47, and NACA experimental annular 
combustors in a range of altitude from 20,000 to 60,000 feet and engine 
rotor speed from 40- to lOO-percent normal rated at a flight Mach num- 
ber of 0.6.  Carbon-forming tendencies of both fuels were determined 
in the J33 combustor. 


The results indicate that the unleaded Jet Mix fuel could be uti- 
lized satisfactorily over the normal operating range in & number of 
representative current turbojet engines. Small (3 to 5 percent) posi- 
tive or negative variations in combustion efficiency occurred between 
the two fuels but this variation depended on the particular engine oper- 
ating condition. The Jet Mix fuel gave lower altitude limits than JP-3 
fuel throughout the altitude-speed range investigated in the J33 com- 
bustor; however, with the other tubular combustors a difference in 
limits was obtained only in the low rotor-speed range. The variation in 
fuel type did not affect the altitude operational limits of the NACA 
experimental annular combustor. Excessive carbon deposition is not pre- 
dicted for unleaded Jet Mix fuel although this property may be marginal. 
The aromatic content of this particular Jet Mix fuel was 15.4 percent; 
Jet Mix fuels containing higher percentages of aromatic constituents 
may give more carbon deposition. Also, the Jet Mix fuel tested did not 
contain the tetraethyl lead that would normally be present. The effects 
of the lead additive were not determined. 
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INTRODUCTION 


Carrier-based jet aircraft operate on high-volatility, low-flash- 
point fuel which must, for safety reasons, be stored in protected, 
centrally located bunkers aboard the carriers. The capacity of these 
bunkers is much less than the capacity of the perimeter bunkers contain- 
ing the necessary fuel-oil supply. The jet-fuel capacity could be in- 
creased and the frequency of refueling decréaséd by utilizing some of 
these perimeter bunkers for jet-fuel storage. Safety requirements per- 
mit only high-flash-point (above 1409 F} fuel to be stored in these un- 
protected bunkers and such fuel would not: perform satisfactorily or 
meet freezing-point requirements in present turbojet aircraft. If a 
special kerosene type fuel were obtained which would meet the high- 
flash-point safety requirements, this fuel could then be stored in 
perimeter bunkers and blended with carrier reciprocating-engine air- 
craft gasoline (MIL-F-5572, grade 115/145) as required. A blend of 75- 
percent high-flash-point kerosene fuel (MIL-F-7914, grade JP-5) and 
Zo-percent aviation gasoline met the freezing-point requirements and 
was designated Jet Mix fuel. The utilization of this fuel is contingent 
upon the satisfactory operation of jet engines on a blend of this type. 


Investigations comparing the performance of Jet Mix fuel and other 
fuels in current turbojet engines and their combustors were conducted 
at the NACA Lewis laboratory. Results of studies in a full-scale J34 
turbojet engine comparing Jet Mix and unleaded clear gasoline fuels are 
reported in reference 1. This report presents data obtained with Jet 
Mix and MIL-F-5624A (JP-3) fuels in several single-combustor test 
units, and evaluates combustion efficiency, combustion stability, and 
carbon deposition. The Jet Mix fuel used in this investigation was 
blended by volume from one part unleaded MIL-F-5572 fuel and three parts 
MIL-F-7914, grade JP-5 fuel. The blend did not contain the tetraethyl 
lead that would be introduced with leaded MIL-F-5572, grade 115/145 fuel 
used aboard carriers. 


Combustion efficiencies and altitude operational limits of both 
fuels were determined in J33, J35, J47, and NACA annular combustors. 
The tubular combustors were standard production units all currently 
operated on MIL-F-5624A (JP-3) fuel; the NACA annular combustor is ап 
experimental unit developed to operate on MIL-F-5624A (JP-3) fuel. 
The performance variables were determined in а range of altitude from 
20,000 to 60,000 feet, engine rotor speed from 40- to 100-percent normal 
rated, and a flight-Mach number of 0.6. Carbon-forming tendencies of 
both fuels were determined in the J33 combustor only and the results are 
presented and discussed in relation to the NACA carbon-deposition cor- 
relation used in reference 2. 
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APPARATUS AND PROCEDURE 


The combustors used in this investigation were installed in the 
leboratory air-supply and exhaust ducting with valves located upstream 
and downstream to control air flow rates and pressures. Electric and 
gesoline-fired. preheaters were used to control the combustor inlet~air 
temperatures. The detailed instrumentation and equipment features of 
the combustors used have been presented in previous NACA reports: the 
Ј55-А-25, the J35-C-3, the J47, and the NACA annular combustor, except 
for minor changes in air admission holes in the liner, in references 3, 
4, 5, and 6, respectively. 


Estimated combustor inlet-air conditions and combustor outlet-g&s 
temperatures that were used to simulate engine operation at various 
altitudes and engine rotor speeds can be found for the J33, the J35, 
the J47, and the NACA annular combustors, in references 7, 4, 5, and 6, 
respectively. 


The combustion efficiency values reported herein were computed as 
the ratio of the measured enthalpy rise of the fuel-air mixture across 
the combustor to the heating value of the fuel. A correction was made 
for the difference between the enthalpy of the carbon dioxide and water 
vapor in the burned mixture and the enthalpy of the oxygen removed from 
the air by the formation of the carbon dioxide and water vapor. The 
thermocouple indications were taken as true values of total temperature 
and no corrections were made for radiation or stagnation effects. 


The data presented herein should not be used to compare combustor 
type and design because the values of combustion efficiency reported 
were, in some cases, obtained from a limited number of exhaust-gas tem- 
perature probes. However, the differences in performance obtained 
between the two fuels are considered sufficiently accurate as any tem- 
perature measuring errors would be present in both sets of date obtained 
with each combustor. 


FUELS 


The analyses of the fuels used in this investigation are shown in 
table I. The MIL-F-5624A (JP-3) fuel (NACA fuel 51-186) was a repre- 
sentative batch as received from the supplier and met the JP-3 fuel 
specification with the exception of the freezing point, which was 14° F 
too high. The Jet Mix fuel (NACA fuel 51-201) was blended by volume at 
the Lewis laboratory from one part unleaded MIL-F-5572 fuel (NACA fuel 
49-167) and three parts MIL-F-7914, grade JP-5 fuel (NACA fuel 51-170). 
The unleaded MIL-F-5572 fuel was the base stock used in the preparation 
of grade 115/145, MIL-F-5572 fuel. 
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The unleaded Jet Mix fuel falls within MIL-F-5624A (JP-4) fuel 
specifications except that the freezing point is 169 F too high; there- z 
fore, the comparisons between JP-3 and Jet Mix fuel performance are 
applicable to comparisons between JP-3 and JP-4 fuel performance. 


RESULTS AND DISCUSSION 


Combustion Efficiency and Altitude Operational Limits 
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The data obtained with several combustors and Jet Mix and ЈР-5 

fuels are summarized in table II. The variation of combustion efficiency 
with simulated engine rotor speed for the two fuels is shown in figure 1 
for each combustor investigated over an altitude range from 20,000 to 
60,000 feet. Cross plots showing the effect of altitude on the combus- 
tion efficiencies of tbe two fuels at two constant simulated rotor-speed 
values are presented in figure 2. А comparison of engine altitude oper- 
ational limits obtained with both fuels for all the combustors is pre- 
sented in figure 3. | 


J33 combustor. - The combustion efficiency values obtained in this 
combustor with Jet Mix fuel are nearly as high as those obtained with 
JP-5 fuel throughout the altitude and rotor=speed range investigated, 
the maximum difference being approximetely 3 percent (fig. 1(a)). An 
exception is the high simulated rotor speed and 60,000-foot altitude 
condition where the combustion efficiency of JP-3 fuel decreases very 
rapidly to a value about 10 percent lower than that of the Jet Mix fuel. 
The altitude operational limits with Jet Mix fuel are 7500 to 8000 feet 
lower than the limits with JP-3 fuel, as shown in figure 3(a). 


755 combustor. - The combustion efficiency values obtained with 
Jet Mix fuel in this combustor are better than those obtained with JP-3 
fuel at 90-percent simulated rated rotor speed; however, the order is 
reversed at the low simulated rotor-speed condition. The maximum dif- 
ference in combustion efficiency at either speed was about 4 percent 
(fig. 2(b)). The altitude operational limit curves followed a similar 
pattern, with JP-3 fuel providing limits 12,000 feet higher than Jet. 
Mix fuel at 40-percent simulated rotor speed, as shown in figure 3(b). 
As simulated rotor speed increased, the difference decreased; at 65- | 
percent normal rated rotor speed, the altitude operational limits of the 
two fuels &re identical. | PEDES UN 


J47 combustor. - The combustion efficiency data obtained with this 
combustor indicate the same trends observed in the J35 combustor; that 
is, at the low simulated rotor-speed condition (fig. 2(c)), the JP-3 
fuel provides higher efficiency values over most of the altitude range „ 
investigated, whereas at the high simulated rotor-speed condition the 
order is reversed. The maximum difference in combustion efficiency was 
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greater with this combustor, being approximately 8 percent at the low 
simulated rotor-speed condition. The aititude Limit curve obtained with 
each fuel is identical at each end of the range of rotor speeds inves- 
tigated (fig. 5(c)), but elsewhere the limits observed with Jet Mix fuel 
were as much as 7000 feet lower. 


Annular combustor. - Tbe Jet Mix fuel gave higher efficiencies in 
the annular combustor at altitudes above 30,000 feet and the low simu- 
lated rotor-speed condition, with a maximum difference of 6 percent at 
40,000 feet, as shown in figure 2(d). At the high simulated rotor- 
Speed condition, the JP-3 fuel gave higher combustion efficiencies 
over the altitude range investigated, varying from 1 percent at 30,000 
feet to 9 percent at 50,000 feet. No differences in altitude opera- 
tional limits of the two fuels were observed in this combustor. 


The three tubular combustors used in this investigation had, in 
general, higher altitude operational limits with JP-5 fuel than with 
Jet Mix fuel. The difference in combustion efficiency values obtained 
with each fuel depended on the specific altitude and rotor-speed con- 
dition simulated; generally, the JP-3 fuel provided efficiencies 3 to 
5 percent higher than Jet Mix fuel at the lowest simulated rotor speeds 
and altitudes investigated, whereas the Jet Mix fuel provided efficien- 
cies 2 to 3 percent higher than JP-3 fuel at the higher simulated rotor 
speeds and altitudes investigated. The trends in combustion efficiency 
data for the NACA annular combustor are opposite to those obtained with 
the tubular combustors and no difference in altitude Limits was observed 
with the two fuels in the annular combustor. 


Carbon-Deposition Characteristics 


The amounts of carbon formed by the two fuels in 4 hours of opera- 
tion of the J33 combustor are plotted in figure 4 on a previously 
developed correlation curve given in reference 3. The unleaded Jet Mix 
fuel formed twice as much carbon (7 g) as did the particular JP-3 fuel 
used in this investigation. Single-combustor and full-scale engine 
c&rbon-deposition values are analyzed and plotted on this correlation 
in reference 2, showing that a fuel having an NACA K factor of 310 or 
less will not give carbon-deposition problems in current turbojet 
engines that have been designed for use with JP-3 type fuels. Figure 4 
shows that Jet Mix fuel has a K factor of approximately 305 and there- 
fore will operate satisfactorily without forming excessive carbon 
deposits. This fuel quality estimate does indicate, however, that Jet 
Mix fuel is marginal with respect to carbon deposition and that other 
Jet Mix fuels with & larger percentage of aromatic constituents can be 
expected to yield more carbon. 
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The tetraethyl lead additive that would be present when the fuel 
is blended from Leaded MIL-F-5572 fuel aboard carriers could result in 
increased deposits. Ап investigation of carbon deposition іп a J33 
single combustor using fuels containing metallic organic additives, in- 
cluding tetraethyl lead, is described in reference B. The results 
indicated that the concentration of tetraethyl lead that would be pre- 
sent in Jet Mix fuels used in carrier-based aircraft would probably de- 
crease carbon formation but the added lead oxide deposition would 
probably increase the total weight of deposits. 


CONCLUDING REMARKS 


The performance investigation with both tubular and annular type 
combustors indicates that Jet Mix fuel can be used satisfactorily over 
the normal operating range in a number of representative current turbo- 
Jet engines. А small (3 to 5 percent) gain or loss in combustion effi- 
ciency from that provided by the JP-3 fuel used in this investigation 
may result but-the variation in performance may depend on the particular 
altitude and rotor speed condition at which the engine is operated if 
the Jet Mix fuel is used. In the J33 combustor, the altitude limits 
were lowered approximately 8000 feet with Jet Mix fuel throughout the 
simulated rotor speed and altitude range investigated. For the other 
tubular combustors, the Jet Mix fuel gave lower altitude limits than 
the JP-3 fuel only in the low simulated гоъог-вреей range,.— No differ- 
ence in altitude-operational limits between fuels was found with the 
experimental NACA anmular combustor. Мо excessive carbon deposits were 
encountered with unleaded Jet Mix fuel, although this fuel may be mar- 
ginal in this respect. 


Lewis Flight Propulsion Laboratory 
National Advisory Committee for Aeronautics 
Cleveland, Ohio, April 21, 1954 
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TABLE I - FUEL ANALYSES 


MIL-F-7914,| Unleaded 
Fuel properties MIL-F-5624A (JP-3)| Navy Jet Mix grade JP-5 | MIL-F-5572 
(NACA fuel 51-186)| (NACA fuel 
51-201) 


A.G.T.M. distillation 
р86-46, (°F) 
Initial boiling point 
Percentage evaporated 
5 з 
10 
20 
50 
40 
50 
60 
70 
80 
90 
Final boiling point 
Residue (percent) 
Loss (percent) 


Freezing point (°F) 
Aromatics 
Silica gel (percent by 
volume) 
Olefins 
Silica gel (percent by 


Reid vapor pressure 
(1b/sq in.) 

Hydrogen-carbon ratio 

Heat of combustion 
(Btu/1b) 

Gum, (mg/100 m1) 
Air jet residue 
Accelerated 

Aniline point (°F) 

Bromine number 

Flash point (°F) 
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TABLE II - PERFORMANCE DATA FROM SEVERAL COMBUSTORS OPERATING WITH NIL-F-5624A (JP-5) AMD JET MIX FUELS AT MACH NUMBER 0.60 
(а) 755 aombuator 


Fuel flow|Fuel-air 
(1b/hr) [ratio 


MIL-F-5624A (JP-5) fuel 


Fuel nozzle 
differential 
drop through | pressure 


(in. Hg) 


2.15 0,00881 995 590 0.781 2.9 
2.68 ‚008667 1090 458 ‚875 3.8 
5.15 00742 1245 536 ‚879 4.6 
5.45 0105 1515 783 1.03 4.9 
1.52 00740 950 380 .642 2.8 
1.90 00727 1045 425 „785 2.9 
2.91 00811 1225 585 .825 5.5 
2.20 00827 1230 561 “918 3.2 
2.44 „0108 1510 786 1.01 3.8 
2.80 0149 1843 1067 1.05 5.8 
1.02 „00946 808 557 .498 1.5 
00845 1010 414 «855 1.8 
.Q0918 1210 565 .851 2,2 
.0118 1500 800 «B45 2.5 
«0158 1820 1087 .871 2.Б 
Required temperature rise unattainable 
0158 810 560 4548 1,2 
-0111 1016 419 „505 1.2 
‚0107 1210 562 4715 1,Б 
.0127 1500 788 «878 1.7 
.0171 1815 1061 685 1.5 
«02860 1010 414 229 9 
20199 1215 567 596 «8 
0178 1800 801 „655 1.0 
‚0187 1820 1067 «828 1.0 
Jet Mix fual 

55.1 52,0 0.00680 888 589 0,761 2.9 
41.5 65.0 00655 1090 455 . 5.7 
51.6 85.Б „00759 1245 555 .859 5.0 
85.0 158.1 .0109 1520 783 1.00 5.0 
22.6 42.8 200768 958 566 .652 2.2 
28,5 50.8 .00747 1040 424 758 2.9 
55.9 88.5 00856 1550 980 «810 5,2 
35.8 88,0 «00855 1226 555 .В0Б 5,5 
45.2 97.2 ‚0111 1505 761 .882 3.5 
55.6 144.2 .0155 1845 1067 1.01 5,8 
14.4 58.9 «100888 805 556 . 1.68 
14.4 58.7 +0100 805 558 .475 1.5 
18.8 38.9 ‚00870 1010 414 «858 1,8 
25.4 49.1 «00955 1910 565 . 2.2 
29.6 «0120 1500 789 .850 2.5 
36.5 0161 L620 1068 «358 2.5 

9.0 Required temperature rise unatt&inabie 
11.5 40120 1010 414 «ἐξά 1.5 
14.5 0112 1210 B62 885 1.5 
18.2 .0155 1500 788 «841, 1.6 
22.5 «0176 1820 1067 ‚8710 1,6 
11.4 ‚0155 1500 800 «756 1.0 
14.0 «0188 1825 1072 «ΒΩ 1.0 
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TABLE II - PERFORMANCE DATA PROM SEVERAL COMBUSTORS OPERATING WITH MIL-F-5624A (JP-S) AND JET MIX FUELS AT MACH NUMBER 0.60 - Continued 
(b) 255 combustor 


Combustor] Fuel flow|Fusel air 
referenoe| (lb/hr) |ratic 
velooi 

(rt/sec 


MIL-F~S624A (JP-5) fuel 


1.4 50.6 740 210 0.740 тим =a 
2,5 78.1 810 240 «907 -- -- 
5.2 87.4 926 518 „914 -- 51 
4.5 96.8 114D 465 „985 -- 57 
1,0 51.Р 890 200 «490 -- -- 
1,6 68.5 780 255 2748 — pore 
2.5 96.4 888 310 -870 -- 33 
5.0 . 90,5 1150 495 „928 -- 85 
5.6 88.7 1510 810 ‚954 -- 77 
0.7% к.а Lean limit blow-out 
1,1 72.6 740 255 «602 == me 
2.0 1120 505 „882 -- 58 
3; 1510 850 „958 -- 76 
.6 1900 1166 380 -- 87 
0.70 Lean limit blow-out 
0.90 880 510 „575 -- -- 
1.2 1120 505 «B97 -- 58 
1.4 1510 830 „811 -- 76 
1.6 1900 1160 '.889 =- 85 
0.70 Lean limit 5low-out 
0.90 1120 80b 2458 -- 61 
1,0 1410 830 .657 -- 78 
kil 1900 1160 „ TOÀ == @5 
1.4 740 210 0.888 — -- 
2.3 810 240 .B50 -- 26 
5.2 925 515 4302 =n 51 
4.3 1140 485 952 -- 64 
1.0 Lean limit blow-out 
1.6 780 235 . 706 — =" 
2.5 885 510 2843 -- 40 
5.0 1150 495 „877 -- 85 
5.8 1810 815 „940 - 77 
1.1 740 255 «426 --- — 
1.3 880 300 «125 -- 24 
8,0 1120 508 .814 -- 85 
2.3 1510 850 «306 Е 78 
2.6 1800 1160 „918 == 89 
0.71 Lean limit blow-ou 
0.90 860 „596 -- -- 
1.2 1150 505 4826 -- 52 
1.4 1510 850 ,847 ere 1% 
1.8 1900 1160 . 886 -- 85 
0.70 Lean limit biocw-oufb 
0.90 1120 505 2400 --. 69 
1.0 1510 850 „660 == 78 
24.1 1800 1160 132 -- 81 
, [| ЫШ 
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TABLE II - PERFORMANCE DATA FROM SEVERAL, COMBUSTORS OPERATING WITH MIL-F-5824A (JP-3) AND JET MIX FUELS AT MACH NUMBER 0,60 - Continued 
(c) 247 aombustor 


Puel flow fuel alr|Mean com 
(1b/hr) | ratio bustor outlet| perature rise|efflolenoy| pressure 
drop through] differential 


20.7 2.91 le2 «546 -- --- 
28.0 5.24 161 . 790 -- 7 
42.7 &.46 212 ‚821 тя" 21 
18.5 2.27 165 «857 -- === 
30.2 3 .19 222 . 841. πα 15 
45.4 4.22 41} «372 -- 78 
12.7 1.51 158 ‚604 -- --- 
19.8 2.09 217 .711 “u ---. 
28.0 2.75 420 «806 -— 39 
55.5 5.07 196 .871 “m 158 
58.7 5.21 1016 «970 an 178 
7.8 0,881 Lean limit blow-out 
12.2 1.50 25 „817 mm — À 
17 » 7 1 .79 42 411 „802 νη 18 
22,2 1.92 84 795 «315 -— 82 
25,5 1.81 150 1181 922 -- 161 
5,8 0.687 17, Lean limit blow-out 
8.8 0,958 23, 21b .408 ne --- 
12,1 1.94 58. 410 - «840 -- --- 
15.3 1.57 65, 799 e879 μενα 45 
17.6 1,38 98, 1182 .885 -- 118 
20.8 2.19 125 0,487 == mt 
28.0 5424 187 „762 те 7 
42.7 4.50 207 „880 - 20 
19 ad 2.26 158 «587 нее -— 
50,2 5.18 212 4807 == 15 
45.4 4.24 419 „869 -- 88 
12.7 1.50 an limit blow-out 
18.8 2.09 212 4887 тт — 
28.0 2.78 418 „890 -- 57 
55.5 5.06 795 .970 -- 150 
58,7 1012 .977 — 171 
7.8 Lean limit blow-out 
12.0 188 «558 == — 
17.7 421 «187 -- 17 
25.5 1130 «955 "ө 155 
8.8 255 .541 nn ---- 
12,1 414 «707 == m mm 
15.3 805 «3182 -- 49 
17,6 1185 .880 mm 105 
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TABLE II - PERFORMANCE DATA FROM SEVERAL COMBUSTORS OPERATING WITH MIL-F-5624A (JP-3) AND JET MIX FUELS AT MACH NUMBER 0.60 - Coneluded 


(d) NACA annular combustor 


referenoe| (1b/hr) |ratio 
veloci 


H D ро o χα то то іо 
Horne со сл Со C5 Q1 to 
е » a » * т » a . 


. 
оғ Со 1 СЯ 1 Onn (л -4 


19.7 $5.04 113 0.0105 1156 612 0.800 --- --- 
25.9 3.68 133 ‚0100 1184 640 „859 --- --- 
28,2 4.41 168 .0106 1289 689 ‚885 --- --- 
8.50 1.21 Required temperature rise unattainable 
10.1 1.50 Required temperature rise unattainable 
12.5 1.91 89,0 .0150 1211 667 «709 --- --- 
14.9 2.52 102 .0122 1254 690 „780 --- --- 
18.1 2.71 114 „0117 1287 705 ‚855 --- --- 
21.0 5.06 168 .0155 1495 876 ‚808 --- --- 
24,5 5.52 210 .0176 1799 1111 «319 --- --- 
12.8 1.65 156 «0265 1725 1114 «654 --- --- 
14.9 1.81 194 ‚0297 1989 1334 „691 --- --— 
9.80 Required temperature rise unattainable 
11.8 11 | .0377| 2140 1499. |  .666 | --- | ae 
9.20 Required temperature rise unattainable 
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Combustion efficiency, percent 


——— — MIL-F -5624A (JP-3) 


7 8 9 10 11 32x10? 
Simulated engine rotor speed, гип 


60 ТО 80 30 LOO 
Simulated engine rotor speed, percent normal rated 


(a) J33 combustor. 
Figure 1, - Variation of combustion efficiency with simulated engine rotor 


speed over altitude range from 20,000 to 60,000 feet for several 
combustors. Fuels, Jet Mix and MIL-Y-5624A (ЈР-5); Mach nimber, 0.6. 
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Combustion efficiency, percent 
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Simulated engine rotor Speed, rpm 


40 50 60 70 80 90 100 110 
Simulated engine rotor speed, percent normal .rated 


(b) J35 combustor. 
Figure 1. - Continued. Variation of combustion efficiency with simulated 
engine rotor speed over altitude range from 20,000 to 60,000 feet for 


several combustors. Fuels, det Міх and MIL-F-5624A (ЈР-5); Mach 
number, 0.6. | | 
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Combustion efficiency, percent 


5 4 5 6 7 ВО? 


Simulated engine rotor speed, rpm 


40 50 60 TO 80 90 LOO 
Simulated engine rotor speed, percent normal rated 
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Figure 2. - Effect of altitude on combustion efficiency obtained 
at two constant simulated rotor speeds for several combustors. 


Fuels, Jet Mix and MIL-F-5624A (JP-3); Mach number, 0.6. 
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Figure 3. - Comparison of altitude operational limits obtained with 
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